Introduction
The application of biotechnology tools to agriculture has allowed for the transformation of plants without the need for sexual compatibility between species, thus establishing the possibility of rapidly producing new crop varieties. Plants have been transformed successfully to improve their pest and disease resistance, herbicide tolerance, nutritional qualities, and stress tolerance (Mackey and Santerre, 2000) .
Cowpea (Vigna unguiculata L.) is a legume with lower water and nutritional requirements compared to other legumes (Da Costa and Lobata, 2011) . Central Anatolia mostly consists of a semiarid, high-altitude plateau. The region has unpredictable weather, limited and erratic rainfall, and nutrient-poor soils. Cowpea is grown on a limited area in Turkey, but it can play an important role in the nutrition of the local people and those abroad as it is a rich source of protein, calories, certain minerals, and vitamins (Obatolu, 2003; Phillips et al., 2003) .
Cowpea, like most legumes, is recalcitrant to in vitro regeneration, which limits its potential for improvement through genetic manipulations (Ramakrishnan et al., 2005) . Furthermore, variability is involved in almost every aspect of the regeneration systems explored, such as optimal explant tissues, basal salt compositions, plant growth regulators, sucrose levels, and variation in composition of gelling agents (agar or Gelrite) (Pellegrineschi, 1997; Popelka et al., 2006; Aasim et al., 2009a) . Establishment of an efficient and reproducible transformation system based on plant tissue culture using various explants is difficult and highly cultivar-dependent (Muthukumar et al., 1995; Prem Anand et al., 2001; Choi et al., 2003; Chaudhury et al., 2007) .
Gluphosinate (phosphinothricin; glufosinate) is a potent inhibitor of glutamine synthetase (Devine et al., 1993) . It is a contact herbicide and acts by inhibiting photosynthesis, apparently due to glyoxylate accumulation. Phosphinothricin N-acetyltransferase encodes phosphinothricin, the active ingredient of herbicides such as Basta®, by acetylation. The bar gene has been widely used as an effective selectable marker in many crop species like maize (Gordon-Kamm et al., 1990) , rice (Cao et al., 1992) , wheat (Weeks et al., 1993) , sugarcane (Manickavasagam et al., 2004) , and cowpea (Ilori et al., 2011) .
Abstract: Plant genetic engineering has opened new avenues to modify crops and has provided a powerful tool for crop improvement. The present study reports the development of regeneration and genetic transformation protocol for the Turkish cowpea cultivar Akkiz. The immature cotyledons were cultured on Murashige and Skoog (MS) medium containing 0.25-0.75 mg L -1 6-benzylaminopurine with or without 0.25 mg L -1 α-naphthalene acetic acid. Shoot regeneration varied 44.4%-83.3% with 2.1-5.0 shoots per explant. Regenerated shoots were rooted in MS medium containing 0.50 mg L -1 indole-3-butyric acid and acclimatized in the greenhouse, where they flowered and set seeds. Immature cotyledons were transformed with Agrobacterium tumefaciens strain LBA4404 harboring the recombinant binary vector pRGG containing an herbicide tolerance gene (bar) along with a uida (GUS) gene under 35S promoter. Phosphinothricin was used as a selectable marker at a concentration of 2.5 mg L -1
. Putative transformants were screened by the histochemical GUS assay. Furthermore, molecular analysis revealed the presence of the introduced gene in the genome of cowpea cultivar Akkiz. The selected transgenic plants showed a resistance to Basta® nonselective herbicide at up to 10 mL L -1 of water. Putative transgenic plants retained their pigmentation and continued to grow in the greenhouse.
Shoot regeneration protocol of the Turkish cowpea cultivar Akkiz using shoot meristem (Aasim et al., 2008) , plumular apices (Aasim et al., 2009b) , embryonic axis (Aasim et al., 2010) , and halved cotyledon node (Aasim et al., 2012) explants further triggered the research to find the most appropriate explants for the efficient and reproducible transformation system in cowpea. The present study reports a regeneration protocol from immature cotyledons followed by Agrobacterium-mediated transformation of cowpea cultivar Akkiz.
Materials and methods
The seed pods with green immature seeds of cultivar Akkiz were harvested from plants 70-75 days old during the first week of August from the experimental fields of the Department of Field Crops, Ankara University, Ankara, Turkey. They were surface-sterilized with 100% commercial bleach for 10 min, followed by washing with bidistilled-sterilized water. The pods were cut opened to remove the intact immature seeds, which were dissected to get whole immature cotyledons of 0.5-0.6 cm in length (without embryo) without making any cuts on them.
The explants were cultured on Murashige and Skoog (MS) basal medium (Murashige and Skoog, 1962) ) (NAA, Cat. No. N0640, Sigma Aldrich) in petri dishes (100 × 10 mm). The explants were cultured with the abaxial side touching the medium without making any cut. The medium was also supplemented with 3% sucrose, 1 mg L -1 polyvinylpyrrolidone (average mol. wt., 10,000; Cat. No. P2307, Sigma Aldrich), 0.65% plant agar (Cat. No. P1001.1000, Duchefa RV, Haarlem, the Netherlands), and 3.0 g L -1 activated charcoal. The agar was added after adjusting the pH of the media to 5.6-5.8 with 0.1 N KOH or 0.1 N HCl before autoclaving at 121 °C under pressure of 15 psi (103.42 kPa) for 20 min.
All cultures were maintained under a light intensity of 42 µmol m -2 s -1 photosynthetic active radiation at 24 ± 2 °C with a 16-h-light photoperiod.
Two hundred immature cotyledon explants of cultivar Akkiz were inoculated with Agrobacterium tumefaciens strain LBA4404 harboring recombinant binary vector pRGG that contained the herbicide tolerance gene (bar) along with uida (GUS) coding β-glucuronidase under the 35S promoter. A. tumefaciens LBA4404 was grown on agarsolidified LB medium containing selective antibiotics. A single colony of Agrobacterium was inoculated in LB broth and was further used for transformation when it reached the appropriate optical density of 0.8. Explant inoculation was carried out for 30 min. After inoculation, the explants were transferred to MS co-cultivation medium (Murashige and Skoog, 1962) containing 0.50 mg L -1 BA (the medium that developed the best regeneration; Table 1 ) for 2 days in a growth chamber at 24 ± 2 °C. After co-cultivation, the explants were transferred to regeneration selection media containing 0.50 mg
phosphinothricin, 1 mg L -1 polyvinylpyrrolidone, and 3.0 g L -1 activated charcoal each. The response of immature cotyledons to Agrobacterium infection was determined by frequency (%) of shoot regeneration, number of shoots per explant on selection medium, rooting percentage, number of plants transferred to pots, number of samples subjected to GUS, and PCR assay.
The putative transgenic plants of T 0 and T 1 were subjected to a histochemical GUS assay based on methods described by Jefferson et al. (1987) . Leaf samples of putative transformed shoots were obtained from newly developed leaves under greenhouse conditions and incubated at 37 ± 1 °C for 24 h in 100 mM sodium phosphate (pH 7.0), 10 mM EDTA, 0.1% Triton X-100 and 1 mM 5-bromo-4-chloro-3-indolyl glucuronide (X-GLUC). Putative transformed tissues were detected by continuous soaking in 95% ethanol for 3 days to break up chlorophyll completely for easy detection of GUS activity in the tissues. Presence of GUS activity was indicated by blue staining of tissues. The putative transgenic plants were analyzed by PCR assay to confirm the presence of the introduced gene (bar). Genomic DNA was isolated from fresh cowpea leaves using the method described by Dellaporta et al. (1983) . PCR was run using gene specific primers for the presence of the bar gene to amplify internal fragments of 380 bp using forward 5'-CCATCGTCAACCACTACATC-3' and reverse 5'-GAAACCCACGTCARGC-3' as primers. DNA extracted from untransformed plants was used as the negative control and that of plasmid pRGG as the positive control. PCR was performed in a total reaction mixture volume of 20 µL containing 1X reaction buffer, 50 ng of DNA template, 1.5 mM MgCl 2 , 1 mM of each of the dNTPs, 10 ng of each primer, and 1 unit of Taq DNA polymerase. The PCR conditions were: initial denaturation at 94 °C for 4 min, denaturation at 94 °C for 1 min, annealing at 60 °C for 1 min, and extension at 72 °C for 1 min, followed by 35 cycles. Amplified DNA fragments were electrophoresed on 1.5% agarose gel and visualized by ethidium bromide staining under UV light.
Nontransformed (control) and putative transgenic plants (confirmed by GUS and PCR assay) were sprayed with up to 10 mL L -1 of Basta nonselective herbicide [an aqueous solution containing 200 g L -1 (18.02% w/w) glufosinate-ammonium] to evaluate the efficacy of the introduced gene (bar) in the greenhouse. Herbicide was applied at a temperature of below 33 °C and relative humidity over 50%, as recommended by the manufacturer. The spraying equipment delivered droplets in the range of 150 to 300 µm to minimize large droplet bounce or fine droplet drift. The plants were observed for chlorophyll decomposition symptoms on leaves, stems, and shoot tips every 2-3 days for 2 weeks after herbicide application.
In vitro rooting and acclimatization of regenerated and putative transgenic crops was done according to the methodology reported by Aasim et al. (Aasim et al., 2008 (Aasim et al., , 2009a (Aasim et al., , 2009b (Aasim et al., , 2010 (Aasim et al., , 2012 in cowpea using 0.5 mg L -1 indole-3-butyric acid (IBA) in the MS culture media.
All treatments of shoot regeneration experiments had 6 replicates containing 6 explants each (6 replications × 6 explants = 36 explants). The data were analyzed using oneway analysis of variance (ANOVA) and post hoc tests were performed using Duncan's multiple range test with the help of SPSS 16.00 for Windows. Data given in percentages were subjected to arcsine transformation before statistical analysis (Snedecor and Cochran, 1967) .
Results
The present investigation showed that immature cotyledon leaves regenerated directly on MS medium containing different combinations of BA. Enlarged and developed protuberances (nodular globular structures) were initially observed close to the embryonic axis on immature cotyledon explants, within 9-10 days ( Figure  1a) . Subsequently, the protuberances differentiated into dark green shoot buds, which underwent normal growth and development (Figure 1b) . The shoot regeneration frequency ranged from 44.4% to 83.3% (Table 1 ). The mean number of shoots per explant ranged from 2.1 to 5.0. The best results were recorded on MS medium containing 0.50 mg L -1 BA (Table 1) . Addition of NAA to the culture medium partially inhibited the bud regeneration capacity. Each increase in the concentration of BA with or without 0.25 mg L -1 NAA resulted in a corresponding decrease in the shoot length (Table 1) . NAA in the culture medium promoted the shoot length and this ranged from 1.5 to 4.0 cm. Regenerated shoots were rooted successfully ( Figure  1c ) on MS medium containing 0.5 mg L -1 IBA. Frequency of shoot regeneration from immature cotyledon explants was recorded at 62.5% on the selection medium containing 2.5 mg L -1 phosphinothricin with an average of 1.64 shoots per explants (data not shown). All regenerated shoots were transferred to MS rooting medium supplemented with 0.5 mg L -1 IBA, 2.5 mg L -1 phosphinothricin, and 500 mg L -1 augmentin for further selection. After 4 weeks of culture in the rooting medium, 35 plants (Table 2 ) had survived and were transferred to pots for acclimatization. Of these, only 23 plants (Table 2) could be acclimatized under greenhouse conditions. Acclimatized plants in the greenhouse were subjected to a GUS histochemical assay. Nineteen plants (Table 2) showed blue staining (Figure 1d ), indicating the presence of the GUS gene in transformed leaves. (Figure 2 ), while no amplification was observed in the nontransgenic plant sample (negative control). Three plant samples were confirmed by the PCR assay.
Nontransformed (control) and putative transgenic plants (confirmed by GUS and PCR assays) were sprayed with Basta. The tolerance in transgenic plants to Basta confirmed the presence of the introduced bar gene in cowpea. The leaves of nontransgenic plants turned brown and necrotized (Figure 3a) , while leaves of transgenic plants remained green (Figure 3b ). Herbicide-resistant plants survived the application of Basta. These resistant plants were further subjected to Basta twice within 1 month and they did not show any negative effects ( Figure  3c ).
The transgenic plants confirmed by GUS, PCR, and Basta assays in T 0 progeny fertilized normally and produced viable seed. The seeds were collected and grown in pots to confirm the GUS gene functionality in T 1 transgenic progeny. Randomly selected leaf and cotyledon (from emerging seedlings) samples were tested for GUS gene expression ( Table 2 ). The leaves (Figure 3d ) and cotyledons ( Figure 3e ) revealed distinct blue staining, showing the activity of the GUS gene in transgenic progeny, while no color was observed in control plants.
Discussion
Application of modern biotechnology tools has the potential to enhance the productivity of cowpeas by increasing resistance to pests, diseases, and abiotic stress, as well as improving seed quality and other traits that impact cowpea utilization for fodder and grain .
Establishment of an efficient and reproducible transformation system is based on efficient plant tissue culture using various explants (Muthukumar et al., 1995; Prem Anand et al., 2001; Choi et al., 2003; Ramakrishnan et al., 2005; Chaudhury et al., 2007; Aasim et al., 2012) and growth regulators used for shoot regeneration (Muthukumar et al., 1995; Monti et al., 1997; Pellegrineschi, 1997; Brar et al., 1999; Machuka et al., 2000; Obembe et al., 2000; Raveendar et al., 2009) . No callusing was recorded on regenerating explants, in contradiction to the findings of Choi et al. (2003) . They reported plant regeneration from the minimal greenish calli formed at the proximal cutting edges of the immature cotyledon explants of cowpea cultivar Magnolia Blackeye on MS medium containing 1 mg L -1 BA. In general, NAA had an inhibitory effect on the frequency of shoot regeneration and the number of shoots per explant was not consistent with the findings of Aasim et al. (2008 Aasim et al. ( , 2009b . Similarly, Muthukumar et al. (1996) also obtained shoots from mature de-embryonated cotyledons (with intact proximal end detached) on B5 basal medium containing varying concentrations of BA.
Results showed the clear effect of growth regulators on shoot regeneration frequency and number of shoots per explant, in line with Aasim et al. (2009b Aasim et al. ( , 2013 . Addition of NAA in the culture medium resulted in significant decrease in the frequency (%) of shoot regeneration and Okumuş et al. (2011), and Zayova et al. (2013) also emphasized the importance of BA for shoot regeneration. Contrarily, NAA along with BA in the culture medium resulted in longer shoots compared to BA used singly, in line with the findings of Aasim et al. (2009b Aasim et al. ( , 2010 . Genetic engineering has enabled the isolation, amplification, and in vitro manipulation of genes. Agrobacterium strains play an important role in the transformation process, as they are responsible not only for infectivity but also for the efficiency of gene transfer. The suitability of the LBA4404 strain, harboring various plasmids for the transformation of crop plants, has been observed (Bakhsh et al., 2012) . A. tumefaciens strain LBA4404 was found to be infective with respect to cowpea transformation (Adesoye et al., 2010; Ilori et al., 2010) . For a number of technical and practical reasons, resistance to herbicides was among the first traits introduced into crop plants. Genetic transformation of the bar gene in cowpea has already been reported by Chaudhury et al. (2007) , Adesoye et al. (2010) , and Ilori et al. (2010) using cotyledonary nodes and embryonic axes as explants. This study presents the use of immature cotyledon explants for genetic transformation in cowpea.
The immature cotyledon explants showed inhibition in the selection medium due to the presence of 2.5 mg L -1 phosphinothricin compared to the regeneration medium without phosphinothricin. Putative transgenic plants were further selected by adding 2.5 mg L -1 phosphinothricin along with 0.5 mg L -1 IBA and 500 mg L -1 augmentin in MS rooting medium. The presence of phosphinothricin in the rooting medium killed the false putative transgenic plants by further selection in the rooting medium. Phosphinothricin also decreased the frequency (%) of rooting and was recorded at 21.3%. Aasim et al. (2008 Aasim et al. ( , 2009a Aasim et al. ( , 2009b Aasim et al. ( , 2010 Aasim et al. ( , 2012 reported no problem of rooting of regenerated shoots of cowpea in regeneration systems. Thirty-five rooted plants were transferred to pots for acclimatization and 23 plants acclimatized under greenhouse conditions were subjected to GUS and PCR assays.
The GUS and PCR assays were performed to confirm the presence and expression of introduced genes (Gus and bar genes) in putative transgenic plants. GUS histochemical assay was also performed in the T 1 transgenic progeny of cowpea. The blue spots on the leaves and cotyledons confirmed the transformation of the GUS gene in successive progeny while PCR analysis revealed an internal fragment of 380 bp of bar gene in cowpea genome.
Expression of the bar gene in PCR positive transgenic lines was verified through application of the herbicide Basta. When sprayed with Basta, control plants completely died within a week of the herbicide application. In contrast, transgenic plants exhibited tolerance to Basta. The surviving plants further subjected to Basta spray revealed the presence of bar gene in transformed plants. Many researchers have reported the tolerance of crop plants to phosphinothricin after the successful transformation of the bar gene in crops like maize (Gordon-Kamm et al., 1990) , rice (Cao et al., 1992) , wheat (Weeks et al., 1993) , sugarcane (Manickavasagam et al., 2004) , and cowpea (Ilori et al., 2011) .
The lower recovery of PCR positivity or herbicide resistance could be due to nonincorporation of the bar gene into the cowpea genome. There is also the possibility that gene inactivation or gene silencing may have occurred on the transgenes, resulting in the low transformation rates recorded. Inactivation of the transgenes may occur through the process of methylation (Finnegan and McElroy, 1994) ; however, it needs to be studied further.
Our results show that bar gene coding for herbicide resistance was successfully introduced into a cowpea Herbicide resistance traits can be efficiently introduced to the cowpea gene pool, enhancing its germplasm and other agronomically important traits for the improvement of cowpea.
